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Conclusions
1. It has been shown above that a cyanide containing a high per-
centage of cyanogen is not the only consideration in determining its
use for fumigation purposes. Of equal importance is that it be prac-
tically free from sodium chloride. A cyaniqe containing in excess of
one per cent of sodium chloride should be condemned.
2. In field work,as well as in the laboratory, high grade sodium
cyanide has produced exactly as satisfactory results as high grade
potassium cyanide. In fact, the results. from the field tests thus far
examined indicate that the former, under the crude conditions prevo
alent in orchard fumigation, is slightly superior to the . latter. A
sodium cyanide of less than 123 per cent purity should never be used.
Preferably the purity should be from 126 to 130 per cent.' Such a
high grade chemical seldom contains more than a trace of sodium
chloride.
The price of the 126-130 per cent sodium product is almost the same
as that of the 98-g9 per cent potassium salt. The former produces
at least one fourth more gas. After deducting the cost of the greater
amount of acid required to liberate the gas from the sodium cyanide
we still have an 'economy of between'10 and 20 per cent in favor of
the sodium salt.
From these considerations, ~ well as the fact that the ra.pid exha.us-
tion of the deposits of potassium carbonate, which is the source of
potassium cyanide, has been causing the price of this cyanide gradu-
ally to increase, leads the writer to believe that in a few years the use
of sodium cyanide for fumigation purposes will become general.
SUPERPARASITISM: AN IMPORTANT FACTOR IN THE
NATURAL CONTROL OF INSECTSl
By W. F. FrsKE
In his study of the parasites of the white marked tussock moth, the
results of which were published as Bulletin No. 5 of the Technical
Series, Bureau of Entomology, Dr. L. O. Howard says of the oviposi-
tion of the common parasite, Pimpla inquisitor:
"It happened on several occasions that the adult Pimpla was
observed to oviposit in tussock-moth caterpillars which were already
infested with Tachinid larvre. Several such caterpillars were isolated
lOccasional contributions from the Gypsy Moth Parasite Laboratory, II.
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for observation, and in every case but one there was no development to
maturity of either the dipterous or the hymenopterous parasite. In
one case, however, an adult of the Tachinid Euphorocera claripennis
issued from such a caterpillar. The probabilities are that its larva
was already well grown when its host was stung by the Pimpla and
that the larvre of the latter failed to find sufficient nourishment for
development.
"Such instances would seem to show that the maternal instinct is
not so prescient as has been supposed, and that all the preliminary
investigation of the host insect by the mother parasite and all the
apparently anxious soundings and tappings with her antennre, while
appearing to satisfy her that everything is all right, do not always
result in the depositing of the eggs under just the proper conditions.
It is altogether likely that other parasitic Hymenoptera occasiollally,
and perhaps frequently, make similar mistakes, and that many para-
sites suffer from this rivalry based upon erroneous instinct, as well as
from the attacks of hyperparasites. Such mistakes are, of course,
much more likely to occur during such times of extraordinary multi-
plication than when the species are normally abundant."
Upon other occasions, similar observations have been made and
commented upon both in Europe and in America, but in no case
which has come to the attention of the writer has their significance
been so clearly understood as is indicated by the above quotation. It
is his present opinion that such double parasitism is of much more
than incidental and academic interest.
In the brief account of the parasites which had been reared from the
cocoons of Samia cecropia and Callosamia promethea, which appeared
ill No.6 of the second volume of the JOURNAL, something was said
of the various £ormso£ double parasitism which were encountered. A
large number of other observations of a similar nature are recorded in
. the note files at the Gypsy Moth Parasite Laboratory, and from time
to time, as opportunity permits, it is hoped and intended to publish
certain among the more interesting and suggestive of t)1ese. For the
present it is merely intended to propose the term superparasitism to
designate these phenomena, to define this term, and to attempt to
demonstrate the importance of the principle involved in the natural
control of insects.
Definition. Superparasitism results when any individual host is
attacked by two or more species of primary parasites, or by one species
more than once. It differs materially from secondary parasitism, or
.hyperparasitism as it is variously calle.d, although both are, strictly
speaking, double parasitism of an individual. In superparasitism the
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parent females are both attracted to the primary host primarily for
its own sake. In hyperparasitism one of them is attracted to the
primary host secondarily and incidentally, and for. the sake of the
primary parasite which it harbors.
It is difficult to draw a hard and fast line which shall separate all
forms of double parasitism into either the one or the other. There are
several instances in which it is difficult to determine which reI-atiDn
the parasite actually occupies. Theronia, for example, is indubitably
primary on occasion, but at the same time so frequently superparasitic
8S to make it appear that it is attracted by the presence of the other
parasite as strongly as by the primary host. It has been the cause of
a. great deal of perplexity in the work of parasite introduction, solely
on account of this doubt as to its true nature, and it was a long time
before it was definitely determined to be primary more frequently
than it appeared to be secondary. It is at present considered to be a
true primary parasite, but one which is in danger of becoming a true
hyperparasite in the course of its further evolution .
.Manifestations. The manifestations of superparasitism are exceed-
ingly diverse, and as in the case of Theronia oftentimes puzzling to
the observer. The most conspicuous is that which has been defined
by Mr ..W. D. Pierce in his discussion of the parasites of the cotton
boll weevi12 as "accidental secondary parasitism," a term which
applies very well indeed to this form of superparasitism, but not at
all to the others. Accidental secondary parasitism occurs frequently
ill connection with other hosts than that upon which Mr. Pierce con-
ducted his investigations, and it is characterized by the larva of one
parasite developing at the expense of another in very much the same
manner as would that of a true secondary parasite under similar con-
ditions. The only real difference is that already set forth in the
definition given, that in the one case the second parasite is attracted
to the primary host, and in the other to the host because it is already
parasitized.
In the very great majority of instances one parasite is destrDyed
through the premature death of the primary host due to the attack of
the other. Under such circumstances the evidences of superparasitism
are only apparent through a careful dissection and microscopic exam-
ination of the host remains. The larva of the parasite which suffers
destruction mayor may not be devoured by the other in such instances.
Frequently both parasites die without either completing its trans-
formations, but usually, though not always, they are stunted and weak-
ened, and their powers of reproduction are seriously curtailed. Sev-
2Bull. United States Department of Agriculture, Bureau of Entomology.
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eral experiments which have been planned and executed for the ex-
press purpose of determining this point have indicated in each instance
that the reproductive capacity of two parasites which developed on a
host just large enough for one, was very much less, combined, than
that of one developing under otherwise identical conditions. In one
instance in particular, although several times as many individuals
were secured as the result of superparasitism, they were unable to
reproduce at all. It is, therefore, evident that the indirect results of
superparasitism may be greatly to the disadvantage of the parasite, as
well as the direct results following the premature death of the host.
Classified somewhat more formally, the manifestations of super-
parasitism are as follows:
(I) One parasite lives; the other dies.
(a) The survivor preys upon the other as an accidental sec-
ondary parasite. Of common occurrence.
(b) The survivor destroys the other by bringing about prema-
ture death of the host, and mayor may not devour it
incidentally. Of common occurrence.
(II) Both parasites live.
(c) Neither are the worse for the circumstances. Very rare.
(d) One or both are so seriously weakened and stunted as to
bring about a material reduction in their capacity for
reproduction. Common.
(III) Neither parasite survives.
(e) This may be brought about through premature death of
the host through excessive parasitism (commonly); or,
(f) Through inability of either parasite to complete its trans-
formations on the limited supply of food. Common.
Instances illustrative of several of the above conditions were men- .
tioned in the paper upon the parasites of the Saturniidre, to which
reference has already been made.
It is interesting and important, in this connection, to note that in
those instances which fall in division I, the surviving parasite is not
infrequently seriously dwarfed and proportionately weakened. The
r(~sults, therefore, are equivalent to those obtaining in section III.
Prevalence. The prevalence of superparasitism depends entirely
upon whether or not the female parasite is gifted with a prescience
which will enable her to select healthy hosts for her offspring. Pre-
supposition that she possesses this instinct is equivalent to a denial of
the existence of superparasitism. This is indubitably not in accord-
ance with conditions as they exist in the field and laboratory.
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Total absence of any such instinct makes the prev-alence of super-
parasitism wholly dependent upon and governed by the law of chance.
If it could be shown to be the rule, a calculation of the probabilities
of the occurrence of superparasitism would be a comparatively simple
problem in mathematics.
In so far -asthose parasites are concerned which, like certain of the
Tachinids and apparently of a few among the Hymenopterous para-
sites, deposit their eggs or young larvre upon the food or the food
plant of the host, it must be conceded that the laws of chance apply
with scarcely any modification. A Tachinid, which deposits its eggs
upon the foliage of trees infested by caterpillars of its favored host
tc be eaten by them, is trusting wholly to chance and to nothing else.
The fact that the parent fly is attracted to the vicinity of the host
before depositing her eggs affects the matter not at all, because no par-
ticular individual is selected or can be selected for the attack.
In the case of those which attack a selected host it is easily conceiv-
a.ble that a highly developed instinct might enable the parent to gov-
ern her selection, but that such is not the universal rule is as easily
demonstrated. Until very recently it could have been stated without
reserve that not a single parasite among the many studied at the labor-
atory indicated in any way the possession of such discretionary powers.
At. the present time th~ statement cannot be made thus unrestrictedly,
but it can still be said of the vast majority of the species which have
been the subject of more or less thorough study. In a very few species,
relatively, faint indications of such prescience on the part of the par-
ent females .are apparent.
In the opinion of some, mathematics and entomology exemplify,
respectively, the most exact, and one of the least exact among the sci-
ences, and the writer is well aware of the dangers which attend any
attempt to combine the two, but if, as must be conceded in some in-
stances, and as may yet prove to be the fact in all, the prevalence of
superparasitism is determined by chance alone, it is interesting to
speculate a bit on what might occur under fixed conditions.
Given 100 insects, suitable as hosts, and equally attractive to a
given species of parasite, inhabiting a restricted territory (call it an
island), and let each of them be equally exposed to parasitic attack.
Let one fertile female parasite capable of depositing several hundred
eggs be given free access to her favored host under these conditions.
Suppose, what is perfectly possible, that the parasite is unable to
choose between hosts which are healthy and those which are already
parasitized.
With the deposition Qf the first egg, a parasitism of 1 per cent re-
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sults. The second egg, if deposited in a different caterpillar, brings
a.bout a parasitism of 2 per cent, but there is.8ochance that it will be
deposited in the same host. The odds, to be. exact, are 1 in 100, so
instead of 2 per cent of parasitism, the chances are even that the para-
sitism is 1.99 per cent. This is, of course, impossible with only 100
hosts, but there is no other way to express the conditions.
The third egg is much more likely to be deposited in.a third cater-
pillar than otherwise, but at the same time there is the 1 chance to 100
that was mentioned above, which must be taken into consideration,
and in addition 2 chances to 100 that it will be deposited in one or the
other of the two hosts previously attacked. Reduced to percentage,
the chances are that instead of 3 per cent of parasitism as the result of
the deposition of three eggs, it will be 2.9701 per cent.
As parasitism progresses, there is, obviously, a rapidly increasing
chance that the parasite will select an already parasitized host for
attack, and by the time that ten eggs are deposited there is an even
dJance that one among them is wasted. When a parasitism of 50
pt>rcent has been reached, the chances are even that no less than 10
have· been similarly wasted, and the chances are against instead of in
:favor of the selection of an unparasitized host ever after.
Instead of 100 per cent of parasitism resulting from the deposition
'Of100 eggs, chance favors a parasitism of about 64 per cent. In other
words, out of J:OO eggs 36 are likely to be deposited in hosts already
attacked. If the parasite continues oviposition, it is an even chance
that 77 out of the next 100 eggs will be injudiciously placed, and 92
out of the third hundred. This is a total of 205 out of 300 eggs which
have been wasted. It will, in theory, require about 450 eggs to bring
about 99 per cent of parasitism, and since the odds are now 100 to 1
against the parent selecting the last remaining unparasitized individ-
ual, more than 500 eggs in all must be deposited before 100 per cent of
parasitism may reasonably be expected.
In the accompan;yingdiagram, the vertical lines are indicative of the
number of parasite etgs deposited, and the horizontal of the hosts at-
tacked. The straight line AB, indicates the percentage of parasitism
which would result were the female parasite capable of intelligent
selection of her host, and the curve, AC, that which would theoretically
rp..sultunder conditions as above outlined.
That the calculation is not altogether fantastic is indicated by cer-
tain experiments which have been carried on in the laboratory, in
which conditions not so very different from those prevailing in the
imaginary island have been artificially produced. The results have
not been exactly in accordance with the curve as shown, but nearly
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enough so to indicate that it has a certain basis upon fact. It is prob-
.4ble that the actual curve would vary under identical conditions, but
with different species of parasites in accordance with the development
of the maternal prescience of each, but it is probable that in every
instance it would lie somewhere between the lines AB and AC, which
represent the limit of variations under conditions as given.
Actually, in the :fieldor in the laboratory, it would frequently fall
outside of AC; that is to say, superparasitism would be distinctly
more prevalent in proportion to the percentage of total parasitism.
It is usually the case that a part of the hosts are more exposed and
therefore more liable to para~ite attack than the rest, and these will
be attacked to the benefit of the others. Repeated instances of this
sort have arisen in the course of the work.
Economic Importance. If, as seems probable, the utilization of
the natural enemies of injurious insects becomes a well established
method of insect control (if indeed it has not already become so),
every phase of insect parasitism takes on economic importance propor-
tionately. Superparasitism is undoubtedly the equal of hyperpara-
sitism in its effect upon the natural control of parasitic insects, and
should be given equal attention. Only upon very rare occasions, as
shown in the table of its manifestations, does it permit both of the
parasites involved to reach full maturity. In the minority of occa-
sions only one of them does so, and in the majority both are seriously
affected, if not destroyed outright.
As stated above, its actual prevalence is apt to be greater than indi-
cated in the diagram, and has been greater in certain work which has
been carried on at the Melrose Highlands laboratory. In the course of
this work three genera of parasites have been brought under success-
ful laboratory control, and their propagation undertaken as an eco-
nomic enterprise. In every instance superparasitism has resulted to-
an extent comparable to that indicated by the table, counting only
tJwse hosts which are equally exposed to attack by the parasite, and
leaving out of consideration those .whichwere partially protected. In
the instance of two of the parasites, superparasitism resulted in the
production of dwarfed and worthless individuals, which proved to be
of little, and in one instance of no, value for continued reproduction.
In the instance of the third parasite, superparasitism resulted in the
death of .all but one of the individuals attacking an individual host,
and the survivor emerged apparently none the worse for its prioristic-
combats. In this case the outcome was nothing worse than a reduction
in the rate of multiplication; in the others there was a serious addi-
tional loss due to the degeneration of the survivors, which was not
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offset by their larger numbers. Similar conditions may be expected to
,prevail in the field.
More than 50 per cent of parasitism by species which attack the
pupre of any lepidopterous insect is rare, or appears to be so, and has
never been encountered in the experience of the writer. A higher rate
of mortality frequently results when the pupa of the hoot is also af-
fected by parasites which have attacked it during its larval stages, as
for example in the case of the tussock moth which dies after construct·
ing its cocoons through parasitism by Tachinids, as well as by Pimpla
and Chalcis. If the parasitism by Tachina amounts to 50 per cent and
ofPimpla and Chalcis together to 50 per cent, it is safe to say that 25
per cent of the host will escape attack entirely, and that a consider-
able majority of the parasites, taken altogether, will be involved in a.
conflict between themselves. This conflict, as already stated, may
, result variously, but with rare exceptions to the disadvantage of one
or both of the participants.
It is very largely on this account that it is deemed inexpedient to
depend upon the parasites, which confine their attack to anyone stage
of the host, to effect the control of an insect like the gypsy moth,
which is subject to the attack of several distinct groups of parasites
at different stages in its career. It is recognized that the parasites
have their own enemies to contend with, and that they are subject to
all of the other and various controlling influences which go to main-
tain the stability of the natural balance. Add to these the losses
which they would suffer through undue superparasitism, and the
chances for their continued increase to the point where they could be
expected to exert effective control of an insect so fecund as -the gypsy
moth are greatly reduced.
The importance of superparasitism, in its relations to hyperpara-
sitism, is also considerable. It is probable, in the last analysis, that
true tertiary parasitism will be found to be of rare occurrence, and
that instances in which a secondary parasite is attacked are, for the
most part, examples of superparasitism pure and simple. The destruc-
tion of host by parasite, and parasite by hyperparasite may be, and fre-
.quently is, carried beyond "quarternary" and "quinquenary" para-
sitism, but in relatively very few instances are the species involved
incapable of attacking the original parasite as well as its secondaries..
The general subject of parasitism, as a factor in the natural control
of insects, is of course the main, and almost the only subject under
consideration at the laboratory. Its phases are manifold and varied
in the extreme, but there is hardly a single one which is not involved
more or less directly with some phase of the subordinate topic of super-
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parasitism. In any discussion of the progress of the general project,
or of any Qf its ramifications, superparasitism will enter and must be
considered. On this account, the writer begs the indulgence of ento-
mologists for the introduction of a new term into an already overbur-
dened vocabulary.
AMARA AVIDA SAY AS ASTRA WBERRY PEST
By JOHN B. SMITH, Se. D.
That certain of the Cambidm will, under some conditions, vary
their norm~l predatory habits by feeding in the adult stage upon vege-
table matter is well known, and almost every collector has seen some
of the species of Harpalus in late summer feeding upon the seeds of
grasses and rag-weed. In Europe Zabrus is known to have similar
habits and to appear in some cases as a genuine pest.
Just why these occasional general resorts to plant food occur has
never been satisfactorily explained, for several years in succession may
go by without any appearance of.
the insects on seeds, and then, for
a year or two, they will be noticed
in many localities.
In 1900 two species of Harpalus,
caliginosus and pennsylvanicus, [
were found in Pennsylvania and
Ohio, injuring strawberries, just
ripening, in June, by eating out
the seeds, and in the process so
mutilating the flesh that the berries
became unsalable. Webster in Ohio
and Slingerland in New York re-
ported these outbreaks, and de-
scribed the work of the insects and
their habits very carefully.- But
there seems to be no explanation
for the sudden increase so early in
the season, and the occasion for the Fig. 3, AMARA AVIDA Sa,y (Original).
resort to the strawberries .
.During the early days of June, 1909, I made a trip through the
strawberry region of Cumberland County, New Jersey, and was ad-
vised, as I approached the Maurice River, of a new "bug" that ate
into the ripening strawberries and destroyed the entire crop. No one
had ever seen its like before, and the descriptions left me wholly at
sea concerning its identity. The statement that they ate each other
8
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